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Generation and exploitation of knowledge became one
of the most significant components in the new economy.
This paper first investigates influence of information and
communications technology on economy, with specific
emphasis on Internet economy and electronic commerce.
The paper then describes characteristics of the knowledge
economy, discusses knowledge, presents main issues rel-
evant for building of knowledge economy and gives an
overview of the situation and perspectives of knowledge
economy in Europe.
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1. Introduction
In the last two decades information and com-
munications technology  ICT made a major
influence on all areas of business, as well as on
personal and social life. Prices of ICT equip-
mentwere falling drastically through this period
of time, which led to fast increase of installed
computing and communication equipment in
enterprises, government institutions and homes.
New ICT systems for scanning, imaging, stor-
age, computing and communications are devel-
oped continuously. Huge quantity of digitized
material appeared, and a substantial number of
applications were developed.
Introduction of Internet was a major step that
reshaped economy by enabling global commu-
nication, as well as global transport of infor-
mation and knowledge. Internet had an enor-
mous influence in changing business models of
enterprises, enabling cheap global publication
and marketing, as well as cheap and fast busi-
ness transactions between businesses, business
and customer, government and customers, gov-
ernment and business, etc.  Victoria University,
2000.
Capital, energy, labour and land are no more
the only factors in production, and creation of
wealth is transformed fromexclusively physical-
based work to increasingly knowledge-based
work. Growing influence of information and
knowledge on economy led to “knowledge eco-
nomy”, i.e. economy that is directly based on
the production, distribution and use of know-
ledge and information  OECD, 1996. Several
other names coined for the same phenomenon
are information economy, new economy, digital
economy, and network economy.
Second section of this paper deals with influ-
ence of information and communications tech-
nology on economy. Third section discusses
knowledge economy in some detail, while the
fourth section describes themain types of know-
ledge. Section five presents main issues in
building the knowledge economy, while section
six discusses some social issues related with
knowledge economy. Section seven presents
some facts related with development of know-
ledge economy in Europe, while the last section
includes some conclusions.
2. Influence of Information and
Communications Technology
on Economy
Rapid development of information and commu-
nications technology and dramatic fall of ICT
equipment prices in the last decade  e.g., annual
fall of computer prices was about 12 percent
between 1987 to 1994, and about 26 percent
between 1995 and 1999 is having a fundamen-
tal influence on the economy as a whole. Ac-
cording to the  U.S. Department of Commerce,
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2000 real business investment in ICT equip-
ment and software in U.S. increased from $243
billion in 1995 to $501 billion in 1999. ICT
industries account for 8.3 percent of U.S. eco-
nomy output in 1999 and contributed for nearly
a third of real U.S. economic growth between
1995 and 1999. In 1998 ICT industries invested
almost one third of all company-funded research
and development investment. In the second half
of the 1990s the production and use of ICT con-
tributed to more than a half of the acceleration
of U.S. productivity growth.
Exceptionally strong influence of ICT on eco-
nomy came from explosive growth of computer
networks, and particularly Internet. Internet
and World Wide Web enable companies of all
sizes to radically improve interaction with cus-
tomers and other businesses, build new products
and services, and carry out business efficiently
and globally. Private computer networks  in-
tranets enable exchange of important informa-
tion within the enterprises, as well as coopera-
tion between employees dispersed on very long
distances. Outsourcing became much simpler,
faster and cheaper, new ways of working  such
as telework emerge, while direct sales via Web
and distribution of digital products via Internet
led to dramatic fall of operation and distribu-
tion costs. Customers became able to compare
product and service prices, and request person-
alization of products and services.
ICT industries also intensively influenced the
creation of additional jobs in local economies –
e.g. in the Washington state in 1995 each job in
the ICT giant Microsoft created 6.7 new jobs,
while a job in Boeing created 3.8 new jobs.
Internet Economy, i.e. economy based on In-
ternet, includes companies directly generating
all or some part of their revenues from Inter-
net or Internet-related products and services.
Internet Economy can be classified into Inter-
net infrastructure layer, Internet applications in-
frastructure, Internet intermediaries and Inter-
net commerce layer. Recent study of the Center
for Research in Electronic Commerce  Univer-
sity of Texas, 2001, that included worldwide
Internet-based revenues of U.S.-based compa-
nies, showed that their overall annual revenue
growth was 58.8% between the second quarter
of 1999 and the second quarter of 2000. Inter-
net revenue is one-fifth the size of non-Internet
revenue, but growing three times as fast as cor-
porate revenue in whole.
Total employment in Internet Economy grew
22.6% between the second quarter of 1999 and
the second quarter of 2000. Internet Economy
supported 3.088 million workers in mid-2000,
including 600.000 newworkers employed in the
first half of 2000. Internet-related jobs in Inter-
net Economy companies grew four times faster
than the growth of the non-Internet related jobs
in these same Internet Economy companies.
Total number of employed people in Internet
Economy was somewhat bigger than the num-
ber employed in insurance industry and double
the number employed in real estate industry.
Internet Economygrowth is unprecedented, sur-
passing even the extremely fast growth in per-
sonal computer industry. While personal com-
puter industry grew from zero to $100 billion in
ten years, the Internet Economy grew from zero
to $800 billion in five years. Both business and
customers are now using Internet routinely, as
can be seen from the growth of Internet-related
Christmas holidays spendings. These spend-
ings grew from $4.2 billion in 1999 to $8.7 bil-
lion in 2000, according to a study by Goldman
Sachs and PC Data.
Electronic commerce refers to all aspects of
business that take place over computer networks
 Adam et al, 1999; Čerić, 2001. These busi-
ness activities may involve consumers, manu-
facturers, service providers and intermediaries.
Electronic commerce includes goods and ser-
vices that are delivered over the networks, as
well as goods ordered over the networks and
delivered by traditional delivery channels. It
includes various business functions required to
support these activities, such as marketing, pro-
duction and delivery. Electronic commerce size
is growing at an impressive speed – its annual
revenue growth from second quarter of 1999 to
second quarter of 2000 was 57.8%  University
of Texas, 2001.
Electronic commerce radically changes the way
organizations carry out business and enables
substantial increase of speed and efficiency of
business transactions. Communication and co-
operation both inside the company and between
companies and customers or other companies
becomes much simpler and faster. Production
and delivery costs are cut and delivery cost
for digital products became negligible, while
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products are delivered almost instantaneously.
Electronic marketplaces  Bakos, 1999 is a key
economic infrastructure built around electronic
commerce with rapidly growing influence and
use.
3. Knowledge Economy
While the traditional economy perceived labour
and capital as the only factors that influence the
production and determine the standard of liv-
ing, this approach has difficulties with dealing
with the causes of long-term economic growth.
New economic growth theories  see e.g. Romer,
1986 are therefore not viewing knowledge as
an exogenous variable but rather as an intrin-
sic part of the economic system. Knowledge is
regarded as the basic form of capital, and eco-
nomic growth is driven by the accumulation of
knowledge.
Technological progress, itself based on know-
ledge, was previously assumed to occur at a
constant rate, but new growth theories relate its
rate to government policies. Technological de-
velopments can create technical platforms for
further innovations, and this is a key driver of
economic growth  Ministry of Economic De-
velopment, New Zealand, 1999.
Growing importance of knowledge in economy
led to the notion of knowledge economy, that
can be defined as “one in which the genera-
tion and exploitation of knowledge has come to
play a dominant role in the creation of wealth”
 Web: Department of Trade and Industry, UK.
There are several reasons that influence the
growing importance of knowledge on economic
progress:  1 progress in information and com-
munications technology that enables inexpen-
sive and fast global transport of information
and access to knowledge,  2 increased speed
of scientific and technological advance that led
to acceleration of growth of quantity of explicit
scientific and technological knowledge,  3 in-
creased global competition that led to reduced
costs, and  4 changing demand associated with
rising incomes and change of tastes of citizens.
Digital technologies make processing, storage
and accessing of information increasingly chea-
per and easier. Huge quantities of information
influence operation of businesses and markets,
and lead to creation of wealth through exploita-
tion of information.
Some industries have knowledge as their main
product, while many other industries manage
or transport information. Industries that pro-
duce knowledge include software, hardware and
biotechnology industries, and some important
occupations in these industries are scientists, en-
gineers or programmers. These industries make
up less than 7 percent of economy output, but
are key drivers of knowledge economy.
Knowledge-based products appear in the form
of knowledge goods, digitized processes, digi-
tized physical goods, and knowledge-enhanced
physical goods and services  Choi and Whin-
ston, 2000. Knowledge goods include goods
that can be digitized and transferred over com-
puter network, like magazines, books, pho-
tographs, or music. Digitized processes are
products or services that rely on providers that
have specialized knowledge, like information
search service that reorganized a service func-
tion into a knowledge-based product. Digitized
physical goods is anything that can be digitized
and sent over computer network, like news,
postcards, instructions, tickets or government
forms. Knowledge-enhanced physical goods
and services are built around products that can-
not be digitized but have some components that
are knowledge-based, like control of home se-
curity and appliances that is done by software.
Many more industries are managing, process-
ing or distributing knowledge, such as banking,
insurance, education, law, medicine or govern-
ment. Some of the typical occupations in these
industries are bankers, teachers, lawyers or sales
representatives. In these industries efficient
processing and management of information is
key to their success.
Here are some interesting facts related to know-
ledge economy:
About 70% of the production cost of a new car can
be attributed to knowledge-based elements such as
styling and software  Scottish Enterprise, 1998. A
modern luxury car includes more computer power
than Apollo 11.
The value-added generated by knowledge-based in-
dustries in the OECD increased at an annual average
rate of 7 per cent between 1985 and 1994, while the
figure for a business sector as a whole was just over
5 per cent.
In advanced economies more than 60 percent of
workers are knowledge workers, i.e. workers who
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manipulate symbols rather than machines. This
type of workers includes designers, teachers, re-
searchers, architects, and various computer-related
professionals.
4. Types of Knowledge
A large amount of information is being created
and stored, but it doesn’t mean that it is auto-
matically turned into knowledge. Information
becomes knowledge only when it has been read
and understood by somebody, who may use this
knowledge for action or thought. Different per-
sons, having different previous experience, will
interpret and use the same information in differ-
ent ways.
Two types of knowledge can be distinguished:
codified  explicit and tacit knowledge  OECD,
1996; Nonaka and Takeuchi, 1995. Codified
knowledge is knowledge gained by formal ed-
ucation and training. This type of knowledge
can be precisely described and transferred to
other people. Tacit knowledge is knowledge
gained by experience – it needs a lot of time to
be achieved by somebody and it is much more
difficult to transfer to other people. Example
of tacit knowledge is an expert’s understand-
ing of how some complex system operates or
how a particular technology can be used in var-
ious circumstances. Tacit knowledge can be
as important for economic purposes as explicit
knowledge.
Knowledge can also be categorised in another
way  OECD, 1996. Know-what is knowledge
about facts, while know-why is knowledge about
principles that govern natural and social phe-
nomena, knowledge that is learned in formal
education. Know-how is different, since it refers
to skills, i.e. the ability to do practical things.
Know-who is knowledge aboutwho knowswhat
and who can do what, and this type of know-
ledge is also very useful in practice as well as
know-where some important information can be
found. All these types of knowledge can be use-
ful for economic purposes.
Knowledge can be stored in various media  Ar-
mour, 2000. Tacit knowledge is stored in hu-
man brain, while codified knowledge was tra-
ditionally stored in books and journals. In the
last fifty years a new medium for storage of
codified knowledge appeared – this medium is
software. Software has unique combination of
desired characteristics: it is persistent, quick
to update, and active. Active property of soft-
ware means that software, which can be easily
and quickly spread on huge distances, can be
applied to action simply by executing it  exam-
ples are business activities, technical or scien-
tific calculation, or chess playing. Because of
its valuable characteristics, a huge and rapidly
growing quantity of knowledge from all pos-
sible sources is progressively being translated
into this medium.
5. Main Issues in Building the Knowledge
Economy
Investments can make technology more valu-
able, but this can lead to sustained GDP growth
only if the country has a sufficient human capi-
tal. This means that formal education, train-
ing and on-the-job learning are essential for
obtaining skilled workforce and management,
and thus advancing the economy and achieving
prosperity. This also means better training of
teachers, development of modernised curricula
and better-equipped schools. Lifelong learn-
ing is also extremely important for advancing
the knowledge of individuals, enabling them to
change occupation and enabling enterprises to
get enough workers with appropriate education.
Besides that, the right environment for innova-
tion and the exploitation of new ideas has to
be created  Web: Department of Trade and In-
dustry, UK. This means attainment of macro-
economic stability, protection of intellectual
property rights, development of strong banking
and financial systems capable of bearing risk,
and development of social environment support-
ive for development of enterprises. The role
of the government is also to encourage invest-
ments in basic science and in new technology,
to develop technical education, as well as estab-
lish the right regulatory environment and setting
technical standards.
Stronger direct links between business and aca-
demic world should be developed, and enter-
prises should make more use of scientists and
engineers as a source of expertise. For example,
some thousand companies related with Mas-
sachusetts Institute of Technology have annual
worldwide sales of about $53 billion.
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Managers in firms must be able to manage
the innovation process, improve quality of pro-
ducts and services and position products on the
market. Special importance should be paid to
the field of knowledge management, i.e. ma-
nagement of production, sharing and using the
knowledge capital in organizations. Different
knowledgemanagement technologies  Borghoff
and Paresi, 1998 are developed for this pur-
pose, such as knowledge discovery and data
mining, search for information in the vast Web
information space  Čerić, 2000, knowledge
representation methods, use of knowledge in
expert systems and simulation models, network
communication and cooperation tools, etc.
6. Social Issues Related
to Knowledge Economy
Knowledge economy, and especially informa-
tion and communication technologies, poses
various social challenges  National Research
Council, 1998. Here is a list of some of them:
  Influence of information and communica-
tions technology on private life and loosing
of privacy.
  Employment has become less certain and
stabile than in the past, and also more de-
pendent on high skills.
  Problem of intellectual property protection
in networked economy.
  Newways ofworking, e.g. telework inwhich
work is carried out independent of location,
have definite benefits for workers and the
environment. However, they also lead to
significant change in the nature of work  e.g.
social isolation and needs appropriate legis-
lation and framework that guarantees rights
and obligations for teleworkers and their em-
ployer.
  Digital divide, i.e. persistence of divide be-
tween information rich that have higher in-
comes and are more educated and informa-
tion poor who are younger, have lower in-
come and education levels, are minorities
and live in rural areas or in centres of big
cities.
7. Europe and Knowledge Economy
European Union
European Union is lagging behind the US in
electronic commerce and knowledge economy,
although it has some significant advantages over
US  Web: European Commission.
Internet penetration rates in EU are 2-3 times
lower compared to US, and inside EU these
rates are highly variable. Number of European
hosts is less than a third of the number of hosts
in the US, and very few of European Web sites
appear in the list of most popular Web sites.
Shortage of venture capital in the EU leads to
smaller number of European start-up companies
and fewer online services for European users.
Price for Internet access is higher, primarily be-
cause of lack of proper competition in the local
loop.
Only 16% of EU workers have received ICT
training paid by their employers. Software, ser-
vices and telecommunications sector continue
to increase overall employment by 10%, but
supply for ICT skills is not matching demand.
Up to 1.7 million jobs may be unfilled if the
supply doesn’t rise fast enough.
Europe has large social and regional discrepan-
cies. As an example, PC penetration in homes
ranges from 11% to 65%, while Internet pene-
tration ranges from 3% to 51%. Only about
25% of Internet users are women, compared to
about 50% in the US. Low Internet usage in
some parts of Europe presents both a social and
an economic problem, since it reduces the size
of the market as well as the growth potential of
the economy.
Some of the key Europe’s strong points are the
following:
  Good education system
  ICT skills accreditation system called Eu-
ropean Computer Driving Licence  ECDL
that is used in many EU member countries
  Some of the European technological streng-
ths are inwireless telephony, smart cards and
interactive television. Mobile device pene-
tration is higher than in the US and is grow-
ing very fast.
  45% of EU workers and 73.5% of white col-
lar workers use computers for their job
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  ICT industry in Europe represents 6% of
GDP and is growing much faster than other
sectors.
In order to become a major player in know-
ledge economy EU is increasing its efforts in
the development of information society via the
eEurope framework. This includes numerous
measures for improvement of ICT education,
competition in local loop, increasing venture
capital, etc.
One important fact is that because new ICT
companies make strong e-commerce brands,
market entry may soon become very costly. For
this reason it is critical to take action fast since
the chance of succeeding on the market may
soon be lost.
Some examples of Europe’s steps in creating
stronger knowledge economy are:
Percentage of European households connected to the
Internet has grown in the last year from 18 percent to
30 percent.
Number of Europeanpatents has grownby 75 percent
in the last five years.
Nokia help funded a research centre at Tampere Uni-
versity that became one of the world most advanced
laboratories for telecommunications.
Leuven University developed the Leuven Research
and Development Centre by expanding its own ven-
ture capital in collaboration with two largest banks.
As a result, twenty start-up companies were created
in the past three years. A team of lawyers, patent
experts, economists and engineers employed by the
university help draw up plans for students who want
to become entrepreneurs.
Central and Eastern Europe
Central and Eastern European  CEE countries
are in the decade-long painful transition period
from the state toward the market economy. Sev-
eral CEE countries are rather advanced in eco-
nomic reforms and development of information
and communications technology, while most of
the others are far behind the EU member states.
One of the consequences of the poor economic
situation, lack of developed communications in-
frastructure and lack of competition in telecom-
munication area is that CEE significantly lags
behindEU in all measures of Internet access and
use  Web: Center for Democracy and Techno-
logy.
Digital divide in CEE countries is very deep,
and this fact is extremely damaging from both
the social and the economic viewpoint because
of the very low level of GDP per capita.
Besides the necessity for drastic economic re-
forms in CEE countries, there is also a clear
need for development and implementation of
national ICT strategies that will take into ac-
count both strong and weak points of the coun-
try, and will be directed toward basically the
same goals as EU member states. Otherwise,
a lack of focus in technological and economic
development can be expected to dissipate scarce
resources that these countries possess. An ex-
ample of the national strategy in Central and
Eastern Europe is the recently finished Croa-
tian ICT strategy  Budin et al, 2001 that seeks
to use Croatian potentials and strong points to
achieve the same basic goals as EU countries.
8. Conclusions
Knowledge economy, i.e. economybased on the
production, distribution and use of knowledge
and information, is heavily based on informa-
tion and communications technology  ICT. In-
creased speed of ICT advancements, and espe-
cially dramatic growth of Internet and its ser-
vices, as well as continuous decline of ICT
equipment prices, led to fast growth of both
Internet and the number of its users. All these
were instrumental in the growth of influence of
knowledge and information on economy.
However, some other prerequisites besides tech-
nology must be fulfilled too in order to enable
growth of knowledge economy. First of them
are education and training, including lifelong
learning, training of teachers and developing
modernised curricula. Besides, proper envi-
ronment for innovation should be created and
stronger links between business and academic
world should be developed. Managers in en-
terprises should be able to manage the innova-
tion process, and special importance should be
paid to the field of knowledge management, i.e.
management of production, sharing and use of
knowledge capital in organization.
Attention should also be devoted to social is-
sues related to knowledge management, e.g. to
the influence of ICT on private life and loosing
privacy, as well as its influence on certainty of
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employment in telework. Problems of intellec-
tual property protection are specially sensitive
in the era of networks. Finally, an extremely se-
rious problem is digital divide, i.e. problem of
divide between information rich and informa-
tion poor. Digital divide is damaging from both
the social and the economic viewpoint. This
problem appears also in European Union, and
it is specifically tough in Central and Eastern
Europe because of the very low level of GDP
per capita in these countries.
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